Abstract
Introduction

21
Temperature sensing is important in all animals. Mam- In principle, sensitivity to small temperature changes malian cyclic nucleotide gated channel [1] . In mammals 36 also, ion channels seem to be the main signal transduction 37 mechanism for thermosensation, but at least some of these in current flow with Q 10 values of around 2, where Q 10 is 42 the change in rate of the reaction resulting from a 10 • C 43 rise in temperature. However, the heat-sensitive channels 44 are characterised by having gating mechanisms that show a 45 much greater sensitivity for heat than standard biochemical 46 reactions and have Q 10 values much greater than 2.
47
Of the six molecularly defined heat-sensitive channels, 48 one is a two-pore domain potassium channel, TREK-1 49 [2] while the other five are all cation channels from the 50 TRP family. The TRPV or vanilloid sub-family, currently 51 comprising six members, four of which sense temper-52 atures around and above body temperature. The fifth 53 temperature-sensitive TRP channel is TRPM8 [3, 4] from the 54 melastatin sub-family which functions as a cold sensor, re-55 sponding to decreases in temperature below 22 • C. This re-56 view summarises recent work on the temperature sensitivity 57 of the TRPV family of ion channels and attempts to corre-58 late these properties with endogenous temperature-sensitive 59 currents in native tissues. 
Properties of recombinant heat-sensitive
61
TRPV channels 62 The TRPV channels are a sub-group of the TRP family 63 of cation channels [5, 6] . Structurally, these channels share 64 ward rectification at very negative membrane potentials.
148
The temperature-evoked currents were specific to TRPV2 All three groups used electrophysiological or Ca 2+ fluo-208 rescence recording based on a baseline resting temperature 209 at room temperature. While, all cells will have been incu-210 bated at 37 • C post transfection, the duration held at room 211 temperature before commencing recording probably varied 212 and might be expected to affect the subsequent tempera-213 ture sensitivity. Prolonged incubation at 37 • C might also 214 select against cells expressing channels with low tempera-215 ture thresholds. Whatever the precise thermal sensitivity of 216 the channel, from a parallel comparison of TRPV1 and -3, it 217 appears that TRPV3 has a lower temperature threshold than 218 TRPV1 [9] .
TRPV3
219
A further complexity is the demonstration that TRPV3 220 can heteromise with TRPV1 when expressed in HEK293 221 cells. These heteromers may function with many of the poly-222 modal properties of TRPV1 including capsaicin and proton 223 sensitivity. Co-localisation in native DRG cell bodies sug-224 gests that this may happen in native cells [9] . Further care-225 ful comparison of TRPV1, -3 and -1/3 expressing cells will 226 be needed to confirm that TRPV1/3 heteromers are func-227 tional and identify any differences from TRPV1 homomers. 228 The profound differences between TRPV1 and -3 behaviour 229 (Fig. 1 ) may allow for heteromeric channels to be robustly 230 identified and characterised. 
TRPV4
232
TRPV4 is the final member of the TRPV family with 233 reasonably close homology to TRPV1. TRPV5 and 6, the 234 ECAC channels are more distant cousins [6] . This TRPV4 235 channel was originally described as an osmosensor, opening 236 in response to hypotonic swelling of the cell [23, 24] . While Fig. 1 . Heat activation of TRPV1 and -3. (A) Expression of either TRPV1 or TRPV3 receptors alone in HEK293 cells generates heat-activatable ion channels with heat thresholds in the warm (TRPV3) or noxious (TRPV1) temperature ranges. Whole-cell patch clamp recordings of membrane currents in response to heat application (48 • C, or at room temperature, RT), for the duration of the bar, are shown. These traces typify the slower kinetics of TRPV3 receptor activation relative to TRPV1 [9] . It is also noteworthy that the inward heat-gated currents are also accompanied by an increase in current noise (variance) which is consistent with the stochastic activation of an ion channel of relatively high single channel conductance in both cases. (B) TRPV1 receptors typically desensitise in response to agonist stimulation such as capsaicin or acid. Heat activation of TRPV1 appears to cause similar effects. Repetitive stimulation of TRPV1 with supra-threshold heat stimuli (48-51 • C) led to pronounced receptor desensitisation (even in the nominal absence of external Ca 2+ ) such that the magnitude of inward current responses after four test stimuli at approximately 1 min intervals were only 51% of the original control response. The behaviour of TRPV3 is quite different since TRPV3 responses actually increase with repeated stimulation at supra-threshold temperatures (43-47 • C), indicating a marked sensitization of this receptor by heat. TRPV3 responses increased by approximately 100% at each subsequent stimulus challenge such that current responses increased by about 10-fold (1246%) over the course of the experiment. The pooled datasets for TRPV1 (n = 3-6) and TRPV3 (n = 4) are shown in panel (C) and experimental conditions are as described previously [15, 9] for TRPV1 and -3, respectively). The scale bars used are calibrated as follows: vertical, 100 pA; horizontal, 500 ms.
the initial reports suggested that the channel could not be 237 activated solely by a rise in temperature, it was reported that 238 responses to osmotic stress increased significantly at body 239 temperature compared to room temperature [24] . It will be interesting to generate comparative data using 273 the same protocols as in Fig. 1 for TRPV4 and for TRPV2.
274
Data summarised in Table 1 Fig. 2 . Fibre firing rates plotted against temperature of the four types of thermosensors in somatic afferent nerves. For native fibres, temperatures reflect ambient temperature at the tissue surface, so that temperatures at nerve endings are likely to be a few degrees lower. C-polymodal nociceptors show leftward shifts in temperature threshold in response to inflammatory mediators (red line) as do TRPV1 expressing cells. Activation ranges of recombinant TRPV channels are indicated by the horizontal bars below X-axis. Note that there is some uncertainty over the activation thresholds for TRPV3 and -4 (see Table 1 In vivo recording of the activity of single nerve fibres 286 in response to heating the skin has identified four types of 287 thermosensor with specific temperature sensitivities (Fig. 2) 288 (reviewed by [28] ). Warming skin from around 30 • C, the 289 skin temperature if the ambient temperature is 20 • C, first 290 excites a population of unmyelinated c-fibres which convey 291 a sensation of innocuous warmth (Fig. 2) properties as noxious temperatures are approached (Fig. 2) .
313
It is tempting to speculate that both channels may contribute 314 in some sensory pathways. types is less obvious (see Table 2 ). Thus, these precise ther- 
